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Dietary fish oils rich in n-3 fatty acids have been shown to
inhibit the development of carcinogen-induced and trans-
planted mammary tumours (Karmali et al., 1984, 1987). Kort
et al. (1987) have shown that fish oil inhibits the growth of
mammary adenocarcinoma BN472 in BN/Bi female rats. A
mechanism proposed for the anti-tumour effects of n-3 fatty
acids is inhibition of arachidonic acid metabolism. Since
previous studies suggested that prostaglandin E2 (Rolland et
al., 1980) and thromboxane B2 (Karmali et al., 1983) were
elevated in certain types of metastasis, the present studies
were undertaken to determine if dietary fish oil would inhibit
the metastasis of 13762NF (spontaneous model) and
13762MAT:B (experimental model) in Fischer 344 rats.
Weanling Fischer 344 female rats (Charles River Breeding
Laboratory, Kingston, NJ, USA) were maintained in a
temperature and humidity controlled facility with a 12-h
light/dark cycle. Fifteen rats were used for each treatment
group.
The composition of low-fat and high-fat diets and fatty
acid profiles of corn oil (CO) and fish oil (FO) (MaxEPA)
have been described previously (Cohen et al., 1986; Karmali
et al., 1987). Rats were placed on one of four diets: (1)
23.52% corn oil, (2) 8% corn oil + 15.52% fish oil; (3) 3%
corn oil + 20.52% fish oil, or (4) 5% corn oil. Diets were
mixed fresh weekly and fed fresh daily to prevent auto-
oxidation of unsaturated fatty acids (Karmali et al., 1987).
Since rats were housed five per cage, only a rough estimate
for daily feed intake per rat could be made. Diets were fed
for 8 weeks before tumour injections and continued until
killing (5 weeks spontaneous model; 3 weeks experimental
model).
The spontaneous metastasis studies were carried out with
the 13762NF mammary adenocarcinoma subline (Mason
Research Institute, Worcester, MA, USA). A pool of
tumours from four rats was minced, filtered through 20 im
Nytex nylon mesh, and 105 cells in 0.05 ml saline were
injected i.m. in the thigh. Tumour size was measured weekly,
and tumour volume was estimated using the formula
+(4i/3)(length/2)(width/2)(height) (Rockwell et al., 1972).
The 13762MAT:B subline was chosen for the experimental
metastasis studies. A pool of ascites tumour cells from four
rats was washed in phosphate buffered saline, and 105 cells in
0.2 ml saline were injected i.v. via the lateral tail vein. At the
time of killing under anaesthesia in both model systems, the
lungs were fixed in situ and processed by a lung clearing
technique that allows the enumeration and sizing of sub-
surface as well as surface tumour foci in the right superior
lobe (Yuhas & Walker, 1973). Metastatic tumour volumes
were calculated by the formula V = 4/3nr3 in both metastatic
models. All data were analysed by Dunnett's multiple com-
parison test.
In both experiments, the animals on the low-fat corn oil
diet consumed the largest number of grams of food per day
(14.1), followed by those on fish oil diets (12.6 and 12.3) and
the high-fat corn oil diet (11.6).
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Body weight gain on both fish oil diets was identical and
significantly higher than the low-fat corn oil diet by 4 weeks
and higher than the high-fat corn oil group by 8 weeks on
the diets (P <0.05).
The growth rate of primary tumour implants in the
13762NF spontaneous model was 20.52% fish oil > 5%
corn oil > 23.52% corn oil > 15.52% fish oil. The ultimate
tumour size was 5% corn oil > 20.52% fish oil > 23.52%
corn oil > 15.52% fish oil. However, none of these
differences were statistically different.
In the 13762NF spontaneous model the frequency and
growth of metastatic foci in the lung in the 15.52% fish oil
and the low-fat (5% corn oil) diets were smaller than those in
the 23.52% corn oil (Table I). However, these differences
were not statistically significant.
Table I Effect of n-3 fatty acids on spontaneous metastasis of
metastatic rat mammary tumour 13762NF
Metastatic tumour Frequency (%) Volume (%)
1 23.52% corn oil 100 100
2 15.52% fish oil+8% corn oil 74.6 57.8
3 20.52% fish oil+3% corn oil 118.4 134.5
4 5% corn oil 71.9 67.5
There was no difference in the incidence, total tumour
burden, or distribution of extrapulmonary metastasis among
the dietary groups. Visceral metastasis was almost exclusively
to the lumbar node with the exception of a single renal node
metastasis in one animal.
In summary, the lack of a significant difference between
high fat and low fat in the growth of the spontaneously
metastasizing tumour is supported by the findings of Boylan
and Cohen (1986) using the same 13762 tumour transplanted
subcutaneously. The inability of dietary fish oil to inhibit
lung metastases in the spontaneous model is supported by a
recent report by Kort et al. (1987) using the BN472 meta-
static mammary adenocarcinoma.
The frequency of metastatic foci in the lung in the
13762MAT:B experimental model is shown in Figure 1. The
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Figure 1 13762MAT:B - number of metastatic foci in the lung.
Diets: 1, 23.52% CO; 2, 8% CO + 15.52% FO; 3, 3% CO +
20.52% FO; 4, 5% CO. *Significantly lower than both corn oil
groups, P <0.05.
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Figure 2 13762MAT:B - volume of tumour metastasis in the
lung. Diets: 1, 23.52% CO; 2, 8% CO+ 15.52% FO; 3, 3% CO
+ 20.52% FO; 4, 5% CO. *Significantly lower than high fat
control, P <0.05.
growth of pulmonary metastases is shown in Figure 2. Only
the 15.52% fish oil diet (n-3/n-6 ratio = 1/1) significantly
inhibited the frequency of metastatic foci in the lung com-
pared with high-fat controls (- 47%; P <0.05). Both the
15.52% and 20.52% (n-3/n-6 ratio = 3.7/1) fish oil diets as
well as the low-fat corn oil diet inhibited the growth of these
metastatic foci by 40.5%, 40.2% and 53.6%, respectively.
However, this inhibition was significant only for low-fat corn
oil at P <0.05 as compared with high-fat controls. Although
the percentage reductions of tumour growth appear to be
substantial for both fish oil groups, these data were not
significantly different from high-fat controls because of large
variations.
In a subsequent experiment using the 13762MAT:B cell
line, rats were fed 23.52% corn oil or 20.52% fish oil + 3%
corn oil. The protocol used was similar to the one described
earlier. Fifteen rats were used in each group. Compared with
the control values of 100% in the corn oil diet, percentage
frequency of metastatic foci and tumour volume in the fish
oil diet group were significantly reduced (51% and 46%,
respectively; P = 0.0004 and 0.0066, respectively, Student's t
test).
The differences in dietary effects between the two model
systems (spontaneous vs experimental) may either be due to
differential effects of fish oil on sequential stages in the
metastatic cascade or due to differences between the model
systems. The number of foci in the experimental model was
approximately 2-fold higher than that in the spontaneous
model regardless ofdietary group. The full explanation, how-
ever, is undoubtedly more complex.
In platelets, thromboxane is a major cyclooxygenase pro-
duct synthesised from arachidonic acid. Thromboxane A2 has
highly potent vasoconstricting and platelet-aggregatory
effects, actions that are important in development of meta-
stasis (Honn et al., 1983; Gasic et al., 1973; Karmali et al.,
1986; Mehta et al., 1987). When n-3 fatty acids are included
in the diet, eicosapentaenoic acid and docosahexaenoic acid
compete with arachidonic acid and inhibit the production of
thromboxane A2 by tumour cells and platelets. Platelets pro-
duce instead small amounts of physiologically inactive
thromboxane A3 (Karmali, 1987; Fisher & Weber, 1983).
Therefore, the preliminary results in the experimental model
with 20.52% fish oil diet are encouraging and are being
continued to evaluate optimal n-3 intervention and to test
whether inhibition of thromboxane synthesis is an underlying
mode of action.
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